SUMMARY To clarify the determinants of pulmonary valve (PV) motion in pulmonary hypertension, we examined the correlations among PV echo patterns, the pulmonary artery (PA) flow curve just above the PA orifice and the pulmonary artery-right ventricle (PA-RV) pressure gradient. By constricting the PA, we could produce a variety of PV echo patterns, including midsystolic semiclosure in open-chest dogs. Throughout the experiments, the PV echo pattern and PA flow curve were similar in pattern and timing. When the PV echo showed midsystolic semiclosure with reopening, the PA flow curve showed a transient decrease followed by a transient increase during midsystole. The PA-RV pressure gradient became transiently positive (PA pressure > RV pressure) and then negative in midsystole only when the PV echo showed midsystolic semiclosure with reopening. In conclusion, PV motion during systole may be instantaneously determined by PA flow change and the PA-RV pressure gradient during the cardiac cycle in experimental pulmonary hypertension.
ABNORMAL ECHO PATTERNS of the pulmonary valve (PV), including a small or absent "a" dip, decreased or negative diastolic slope, rapid opening slope, prolonged preejection period and midsystolic semiclosure, have been reported to be useful in assessing pulmonary hypertension.1-5 However, the sensitivity and specificity of these echocardiographic findings are controversial.6"9 Acquatella et al. 10 reported a lack of correlation between PV echo patterns and the pulmonary artery (PA) pressure.
The determinants of PV motion must be known to evaluate PV echograms in patients with pulmonary hypertension. This study was undertaken to clarify the hemodynamic determinants of PV motion during systole in experimental pulmonary hypertension.
Materials and Methods
Fourteen mongrel dogs that weighed 19-33 kg were anesthetized with i.v. pentobarbital, 30 mg/kg, and ventilated with room air. The heart was exposed through a midsternal thoracotomy. The echocardiographic examination of the PV was performed with a commercially available Sonocardiograph SSL 51 U using a 0.5-cm-diameter, 3 restriction of the anterior component of the heart motion." In the preliminary experiment, we observed no changes in PV echograms or hemodynamic measurements when one branch or two branches of the left PA were completely constricted. With constriction of the right main branch of the PA, typical midsystolic semiclosure or a severe degree of pulmonary hypertension was not observed. Therefore, after complete constriction of one branch or two branches of the lef PA, we partially constricted the right main branch of the PA using a vascular occluder (in vivo Metric Systems). The extent of the constriction was varied in each experiment. After control data were obtained, recordings were repeatedly made during the constriction of the right main branch of the PA.
To compare the PV echo pattern, PA flow curve and pressure gradient curve to each other, we labeled each point ( fig. 2 ). In the experiment in which the chest was opened, the hemodynamic state was not influenced by respiration, as shown by the absence of apparent changes in PA pressure and RV pressure during one respiratory cycle. In addition, the purpose of this study was to correlate the PV echo pattern and any hemodynamic changes induced by various degrees of pulmonary hypertension. Therefore, we made measurements without considering the phase of respiration.
Results
In the control state, the systolic pressure of the PA ranged from 19-34 mm Hg (table 1). The peak systolic pressures made by the constriction of the PA Abbreviations: BW = body weight; PA = pulmonary artery;
MSSC -midsystolic semiclosure of the pulmonary valve. changed its direction to form a slight notching. The pressure gradient curve showed four crossing points (P1P4). During points c and n on the PV echogram, the PA pressure became greater than the RV pressure, resulting in a positive PA-RV pressure gradient. The RV pressure curve showed a decrease in the rate of rise between points P2 and P3.
In the advanced degree of PA constriction (the systolic pressure of the PA was increased by 68-130% of the control level), the PV echogram showed a typical pattern of midsystolic semiclosure with reopening ( fig. 6 ). After rapid opening, closure of the PV followed by reopening was clearly noted to occur. The PA flow curve showed a relatively steep downward slope between points C and N and reversed its direction at point N to make a shallow dip. The PA-RV FIGURE 6 . Original data and traced representation of the third heart beat shown in figure 1 . The peak systolic pressure of the pulmonary artery (PAP) was 37 mm Hg. The pulmonary valve echogram showed a typical midsystolic semiclosure (c-n) with reopening (n-d). The pulmonary artery flow (PA F) showed a rapid increase (B-C) in early systole, a rapid decrease (C-N) fig. 7) . The amplitude of the PV echogram was decreased. The PA flow curve showed a slow increase, followed by a slow decrease, and it decreased markedly in its amplitude. The pressuregradient curve crossed the zero line at two points (points P1 and P2). After point P2, the pressure gradient was positive and small in amplitude.
A similar relationship between PV echo patterns and hemodynamic changes occurred in dogs 2-6.
The temporal relations between the PV echo pattern and PA flow pattern or PA-RV pressure gradient curve were examined in these six dogs. The times from the Q wave of ECG to each point were measured and compared with each other. Figure 8 shows the results in dog 1. The respective times of the PV echogram and the PA-RV pressure gradient correlated well (y = 1.06x -7.3, r = 0.98,p < 0.001). The respective times of the PV echogram and the PA flow curve also correlated well (y = 1.03x -14.5, r = 0.999 p < 0.001). However, the respective times of the PA flow curve were longer than those of the PV echogram by about 10 msec. The other five dogs had similar results. To summarize the results of the six dogs, the times of pressure gradient curves were almost equal, or were shorter by 5 msec or less, to those on the echocardiograms. The respective times of PA flow curves were longer than those of echocardiograms by 8-12 msec. Figure 9 shows the representative data from dog 7. Despite the high PA pressure up to about 60 mm Hg, midsystolic semiclosure of the PV, a transient decrease in PA flow or transient reversal of the PA-RV FIGURE 7. Original data and traced representation of the last beat in figure 1 
